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Abstract The karyotypes of the genus Whytockia was investigated in order to reveal its sys- 
tematic position in the tribe Klugieae and the evolution of karyotypes within this genus. The 
chromosome numbers are 2n = 18 with their length over 2.0 ym in all the investigated 
species of Whytockia, which represents the most primitive characteristics in the tribe 
Klugieae. This paper suggests that x = 9 be the primitive basic number of chromosomes in 
the Klugieae. The morphology of the resting nuclei in Whytockia belongs to the complex 
chromocenter type. The chromosomes at mitotic prophase are classified into the gradient 
type. The evolution of karyotypes in Whytockia is toward increase of the chromosomes with 
submedian centromeres and especially those with subterminal centromeres. The karyotype of 
the variety W. tsiangiana (Hand. -Mazz.)A. Weber var. wilsonii A. Weber is distinctly 
different from that of W. tsiangiana var. tsiangiana, which conforms well with the gross 
morphology. This paper suggests that this variety be separated from W. tsiangiana as an 
independent species with affinity to W. bijieensis. 

Key words Asymmetry; Basic number; Evolution; Karyotype; Whytockia W. W. Smith; 
Klugieae 


The tribe Klugieae is characterized by a great diversity of morphological characters. 
Burtt(1977) stated that “it has all the appearance of a relict tribe comprising the surviving 
members of a numerous and highly diversified group”. In respect to chromosomes, the 
Klugieae exhibits a remarkable diversity in chromosome number and a high proportion of 
polyploids and dysploids. Then, should it be interpreted as an increasing or decreasing series 
of dysploids? And what is its basic chromosome number? 

The genus Whytockia endemic to China is considered as the most primitive representa- 
tive in Klugieae. Six species and two varieties have been established since it was first de- 
scribed by Smith( 1919) with only one species. However, there has been no information 
about chromosomes of Whyteckia up to now. This paper aims to provide basic information on 
the karyotypes of Whytockia, a key genus in the phylogeny of the tribe Klugieae. Further- 
more, it discusses the variation of chromosome numbers in the Klugieae and the karyotype 
evolution within Whytockia . 
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1 Materials and Methods 


The materials used in the present study are shown in Table 1. Root tips were used in 
cytological preparations. They were pretreated with a mixture of 0.002 mol/L 8-hydrox- 
yquinoline and 0.1% colchicine (1:1) for 4 hrs at about 20 ©, and fixed in Carnoy’s I 
(100% ethanol and glacial acetic acid, 3:1) for 1 hr at about 5 C . The fixed materials were 
macerated in 1 mol/L HCl for about 1 min at 60 T, stained with Carbol fuchsin and then 
squashed. 


Table 1 The origin of materials 


Species Locality Vouchers 
W. bijieensis Y. Z. Wang Bijie, Guizhou Wang Yin-Zheng 94002 (PE), 95001 (KUN) 
W. hekouensis Y. Z. Wang Hekou, Yunnan Wang Yin-Zheng 93008(PE) 
W. purpurascens Y. Z. Wang Hekou, Yunnan Wang Yin-Zheng 93082(PE) 
W. tsiangiana (Hand. -Mazz. )A. Weber 
var. tsiangiana A, Weber Jiangkou, Guizhou Wang Yin-Zheng 94001 (PE) 
var. wilsonii A. Weber Leibo, Sichuan Wang Yin-Zheng 93026( PE) 


Karyotypes were analyzed following Li(1991). The chromosome numbers were counted 
based on 15 cells. The terminology and treatment describing the resting nucleus and chromo- 
somes at prophase referred to Tanaka(1980, 1971). The parameters of karyotypes came 
from the measurement of chromosomes in 5 cells. The asymmetry of karyotypes were classi- 
fied according to Stebbins(1971). 


2 Results 


2.1 Whytockia bijieensis Y. Z. Wang et Z. Y. Li( Wang and Li, 1997) 

At the resting stage (Fig. 1: 1), the nucleus contains 15~ 20 rod-shaped or ellipsoidal 
heteropycnotic bodies with the diameter of 1~ 2 um. The other chromatin of the nucleus 
consists of chromomeres and chromonemata which are scattered almost homogeneously within 
the entire region of the nucleus. This type of nucleus is referred to as the complex chromo- 
center type of Tanaka(1971). 

At the mitotic prophase(Fig. 1; 2), all chromosomes have early condensed segments at 
proximal region of one or both arms. Some of them have early condensed segments not only 
at the proximal regions of one or both arms but also at the interstitial and terminal regions of 
one arm. Early and late condensed segments of chromosomes show a gradual transition be- 
tween them. This type of prophase chromosomes is referred to as the gradient type of Tana- 
ka (1980) 

At the mitotic metaphase (Fig. 1: 3,10), 18 chromosomes are 2.08~3.65(%=2.90) 
pm long( Table 2), and vary gradually in length. Of the 18 chromosomes, there are one pair 
of M-chromosomes (Fig. 1: 10, No. 2), four pairs of m-chromosomes (Fig. 1: 10, Nos. 
4, 5, 6, 9) and four pairs of sm-chromosomes (Fig. 1: 10, Nos. 1, 3, 7, 8). The kary- 
otype is formulated as 2n = 2M + 8m + 8sm(1sat) (Table 2). One chromosome of the third 
pair has a satellite at the terminal region of the short arm (Fig. 1: 10). The asymmetry of 
karyotype is classified as 2A. 
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Fig. 1 Microphotographs of karyotypes of W. bijieensis, W. tsiangiana var. wilsonii and W. hekouensis ( x 2000) 
1~3. W. bijieensis 1. Resting nucleus; 2. Mitotic prophase chromosomes; 3. Mitotic metaphase chromosomes. 4 ~ 
6. W. tsiangiana var. wilsonii 4. Resting nucleus; 5. Mitotic prophase chromosomes; 6. Mitotic metaphase chro- 
mosomes. 7~9. W. hekouensis 7. Resting nucleus; 8. Mitotic prophase chromosomes; 9. Mitotic metaphase chro- 
mosomes. 10~ 12. Karyograms of W. bijieensis(10), W. tsiangiana var. wilsonii(11) and W. hekouensis(12). 
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Fig. 2 Microphotographs of karyotypes of W. purpurascens and W. tsiangiana var. tsiangiana 
1~2. W. purpurascens { X 2000) 1. Resting nucleus; 2. Mitotic prophase chromosomes. 3~4. W. tsiangiana 
var. tsiangiana (2000) 3. Resting nucleus; 4. Mitotic prophase chromosomes. 5. Mitotic metaphase chromosomes 
of W. purpurascens ( x 1500). 6. Mitotic metaphase chromosomes of W. tsiangiana var. tsiangiana( X 2000). 7~ 
8. Karyograms of W. purpurascens (7, X 2500) and W. tsiangiana var. tsiangiana(8, Xx 2000). 
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2.2 Whytockia hekouensis Y. Z. Wang( Wang, 1995) 

At the resting stage(Fig. 1: 7), many rod-shaped heteropycnotic bodies are distributed 
almost throughout the entire region of the nucleus. This type of nucleus is referred to as the 
complex chromocenter type óf Tanaka(1971). 

At the mitotic prophase (Fig. 1: 8), all chromosomes have early condensed segments at 
proximal region of one or both arms. Some of them have early condensed segments at the ter- 
minal region of one arm. This prophase chromosomes is referred to as the gradient type of 
Tanaka (1980) 

At the mitotic metaphase(Fig. 1: 9, 12), 18 chromosomes are 2.28~4.55(x= 3.63) 
pm long(Table 2), and vary gradually in length from the longest to the shortest. Of the 18 
chromosomes, two pairs are median(Fig. 1: 12, Nos. 3, 9), five pairs submedian (Fig. 1: 
12, Nos. 1, 2, 6,7,8) and two pairs subterminal (Fig. 1: 12, Nos. 4,5). The karyotype 
is formulated as 2n= 4m + 10sm(1sat) + 4st (Table 2). One chromosome of the eighth pair 
has a satellite at the terminal region of the short arm ( not shown). Seven chromosomes 
(Fig. 1: 12, Nos. 1,3,4, 8,9) have secondary constriction at the interstitial region of long 
arms . The asymmetry of karyotype is classified as 3A. 


Table 2. The parameters of chromosomes in Whytockia 


On Ee 











Chr. N W. bijieensis W. hekouensis W. purpurascens 
r. No 54 18=2M+8m+Ssm(Isat) 2n=18=4m+ 10sm(1sat) +4st 2n= 18= 4m + 6sm + 8st(1sat) 
RL AR Type RL AR Type RL AR Type 
1 14.86 1.74 sm 13.88 1.72 sm 12.23 2.90 sm 
2 12.52 1.00 M 12.95 2.12 sm 11.98 1.92 sm 
3 11.99 1.80  sm(lsa) 12.75 1.16 m 11.76 1.63 m 
4 11.14 1.20 m 11.74 3.14 st 11.58 4.34 st 
5 10.78 1.06 m 11.37 3.72 st 11.04 2.52 sm 
6 9.91 1.49 m 10.83 2.39 sm 10.66 4.33 st 
7 9.87 2.67 sm 9.10 2.76 sm 10.62 1.15 m 
8 9.56 2.51 sm 8.76 2.88  sm(lsa) 10.31 3.74 st( sat) 
9 9.36 _ 1.07 m 86l 1.32 m. 9.86 5.32 st 
Chr. N W. tsiangiana var. tsiangiana W. tsiangiana var. wilsonii 
Ri 2n=18=4m+ 8sm(2sat) + 6st 2n=18=2M+ 8m(1sat) + 8sm(2sat) 
RL AR Type RL AR Type 
1 13.15 3.74 st 13.69 1.99 sm 
2 12.31 1.82 sm 12.50 1.00 M 
3 12.00 1.29 m 12.27 2.09 sm(2sat) 
4 11.59 2.78 sm 11.47 1.29 m 
5 10.71 4.71 st 10.51 2.93 sm 
6 10.56 3.21 st 10.38 2.42 sm 
7 10.13 2.11 sm 10.01 1.64 m 
8 9.84 1.77 sm(2sat) 9.85 1.61 m( Isat) 
9 9.71 1.20 m 9.32 1.05 m 





Note: RL = relative length; AR = arm ratio; sat = satellite 


2.3 Whytockia purpurascens Y. Z. Wang( Wang, 1995) 

This species has the complex type of the resting nucleus (Fig. 2: 1) and the gradient 
type of the prophase chromosomes (Fig. 2: 2). At the mitotic metaphase(Fig. 2: 5, 7), 18 
chromosomes are 2.84~4.08(% = 3.55) pm long(Table 2), and vary gradually in length. 
Of the 18 chromosomes, two pairs are median in centromeric position (Fig. 2: 7, Nos. 3, 
7), three pairs submedian (Fig. 2: 7, Nos. 1, 2, 5) and four pairs subterminal (Fig. 2: 
7, Nos. 4, 6, 8, 9). The karyotype is formulated as 2n= 4m + 6sm + 8st(1sat) (Table 2). 
One chromosome of the eighth pair has a satellite at the terminal region of the short arm (not 
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shown). Ten chromosomes (Fig. 2: 7, Nos. 1, 3, 4, 5, 6, 7, 8) have a secondary con- 
striction at the interstitial region of long arm. The asymmetry of karyotype is classified as 
3A. 

2.4 Whytockia tsiangiana var. tsiangiana A. Weber 

The resting nucleus (Fig. 2: 3 ) and the prophase chromosome morphology (Fig. 2: 
4) are similar to that of W. purpurascens described above. 

At the mitotic metaphase (Fig. 2: 6, 8), 18 chromosomes are 2.93~ 4.56(x=3.44) 
pm long( Table 2), and vary gradually in length from the longest to the shortest.. Of the 18 
chromosomes, two pairs are median(Fig. 2: 8, Nos. 3,9), four pairs submedian( Fig. 2: 
8, Nos. 2,4,7, 8) and three pairs subterminal(Fig. 2: 8, Nos. 1, 5, 6). The karyotype is 
formulated as 2n= 4m + 8sm(2sat) + 6st( Table 2; Fig. 2: 8). Eleven chromosomes( Fig. 
2: 8, Nos.1, 2, 3, 4, 5, 7, 8) have a secondary constriction at the interstitial region of 
long arm. The eighth pair chromosomes have a satellite respectively at the terminal region of 
the short arm (Fig. 2: 6, 8; Table 2). The karyotype is classified as 3A. 

2.5 W. tsiangiana var. wilsonii A. Weber 

At the resting stage(Fig. 1: 4), the nucleus contains many small ellipsoidal to rod- 
shaped or spherical chromocenters with 0.7~1.6 um in diameters. The other chromatin of 
the nucleus consists of chromomeres and chromonemata which are distributed almost homo- 
geneously throughout the entire region of the nucleus. This resting nucleus is referred to as 
the complex chromocenter type of Tanaka(1971). 

The morphology of chromosomes at the mitotic prophase(Fig. 1; 5) is similar to that of 
W. bijieensis described above. 

At the mitotic metaphase(Fig. 1: 6, 11), 18 chromosomes are 2.36~3.73(x = 2.61) 
pm long( Table 2). They vary gradually in length. The karyotype is formulated as 2n = 2M 
+ 8m(1sat) + 8sm(2sat)(Table 2; Fig. 1: 6, 11). Of the 18 chromosomes, there are one 
pair of M-chromosomes( Fig. 1: 11, No. 2), four pairs of m-chromosomes( Fig. 1: 11, 
Nos. 4,7, 8, 9) and four pairs of sm-chromosomes(Fig. 1; 11, Nos. 1, 3, 5, 6). Three 
chromosomes(Fig. 1; 11, Nos. 3, 4) have a secondary constriction respectively at the inter- 
stitial region of long arm. Three chromosomes have a satellite respectively at the terminal re- 
gion of the short arm (Fig. 1: 11, Nos. 3, 8). The asymmetry of karyotype is classified as 
2A. 


3 Discussion 


On the basis of morphological data, the genus Whytockia is considered as the most 
primitive group in the tribe Klugieae from which the other genera have evolved( Wang et 
al., 1996; Weber, 1982, 1978, 1977). Most genera in the Klugieae have a high proportion 
of polyploids and dysploids(Skog, 1984; Ratter, 1975). Among them, Rhynchoglossum 
has 2n=20, 22, 36, 42, 54, Epithema 2n=16, 18, 24, Monophyllaea 2n=20, 22, 24, 
32, Stauranthera n= 18, 20, and one examined species of Loxonia n= 22. 2n= 16 in Ep- 
ithema was examined only from one population of E. saxatile, which has 2n= 18 chromo- 
somes in most of other localities(A. Weber, pers. comm. ). 2n=16 is probably a secondary 
reduction of chromosome numbers within the same species. The basic chromosome numbers 
of the above genera in the Klugieae form a continuous series x= 8, 9, 10, 11 and 12. On the 
contrary, the species examined in Whytockia show a constant chromosome number, 2n = 
18. Furthermore, chromosomes of all the genera in the Klugieae are generally less than 2.0 pm 
long except that of Whytockia. The longest chromosome examined in Monophyllaea is only 
3 um (A. Weber, pers. comm. ), while the chromosomes in Whytockia is between 2~5 um 
long, and the longest reaches 6 ym. Apparently, Whytockia represents the most primitive 
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characteristics in chromosome number and size in the tribe Klugieae. In addition, the fre- 
quencies of x= 8, 9, 10, 11 and 12 investigated up to date in the Klugieae are 8%, 40%, 
28%, 12% and 12% respectively. X = 10 occurs much more frequently in Monophyllaea 
than in the other genera. This genus has a close affinity to Whytockia, but is apparently 
highly advanced in morphology and anatomy. Thus, we suggest that x= 9 be the primitive 
basic chromosome number of the tribe Klugieae. 

Differences among the species within the genus Whytockia in karyotype mainly lie in 
frequency of median, submedian and subterminal chromosomes. W. bijieensis and W. 
tsiangiana var. wilsonii are characterized by having median and submedian chromosomes, 
and lacking subterminal ones. On the contrary, the other three taxa have the subterminal 
chromosomes but lack M-chromosomes. The proportion of the chromosomes over 2.0 of arm 
ratio is 22.2% in W. bijieensis and 33.3% in W. tsiangiana var. wilsonii. The asymme- 
try of karyotypes of these two taxa is classified as 2A. The proportion of the chromosomes 
over 2.0 of arm ratio is 55.6% in W. hekouensis and W. tsiangiana var. tsiangiana, and 
66.7% in W. purpurascens. The asymmetry of karyotypes of these three taxa is classified 
as 3A. Even though the former two taxa have the similar karyotype, the asymmetry of kary- 
otypes of W. tsiangiana var. wilsonii increases compared to W. bijieensis. The differ- 
ences among the latter three taxa mainly lie in frequency of submedian and subterminal chro- 
mosomes. The frequencies of submedian chromosomes are 55.6% in W. hekouensis, 44. 
4% in W. tsiangiana var. tsiangiana and 33.3% in W. purpurascens. The frequencies 
of subterminal chromosomes are 22.2% in W. hekouensis, 33.3% in W. tsiangiana var. 
tsiangiana and 44.4% in W. purpurscens. Moreover, satellites have been observed respec- 
tively in the third and eighth pair chromosomes in the five investigated species and variety. 

Whytockia bijieensis and W. tsiangiana var. wilsonii gather almost all the primitive 
characters of the genus Whytockia, that is, two free or almost free stigmata, erect stem, 
large corolla, lacking true compitum as a primitive state of syncarpy and so on. On the con- 
trary, W. purpurascens and W. tsiangiana var. tsiangiana demonstrate a highly phylo- 
genetical derivation in morphology and anatomy, as evidenced by two subconnated or wholly 
connated stigmata, a creeping stem, and the unilocular state in the upper part of ovary. 
However, W. hekouensis is characterized by a series of transitional features in Whytockia , 
such as erect stems, subconnated stigmata, a compital pore rather than unilocular state in the 
upper part of ovary. Taking the morphological and karyotypical information together into 
consideration, the evolution of karyotype in Whytockia seems toward increasing asymmetry. 
That is to say, the frequencies of submedian chromosomes, especially those of subterminal 
ones, increase in karyotypical evolution within the genus Whytockia . 

In addition, A. Weber(1982) treated several local populations of this genus in Sichuan 
of China as a new variety W. tsiangiana (Hand.-Mazz.) A. Weber var. wilsonii A. 
Weber. The karyotype of this variety is distinctly different from that of W. tsiangiana var. 
tsiangiana as demonstrated above. The difference in karyotype is well consistent with the 
gross morphology. The former possesses erect stems, two almost free stigmata, large and 
purplish red corolla 1.8~2.4 cm long, while the latter possesses creeping stems, capitate 
stigmata(two stigmata wholly connated), and small and white corolla 0.8~1.2 cm long. 
This variety is close to W. bijieensis in stigma and karyotype, but different from it in other 
distinctive characters of this variety. So, we suggest that this variety be separated from W. 
tsiangiana as an independent species in Whytockia with affinity to W. bijieensis. 
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2n=18, REAKIEE 2.0 pm UE, ERG ESRI REA RRR, RHE 
FRESE 6 RET ABE x= 9, ROE AY HY WA, KR, BOW eA 
VAY AS Pk A REEERE BOR, IO ER, OUR EE 
W. bijieensis FURIE RUPEE RW. tsiangiana var. wilsonii WJ% 4) HH 2n=2M + 8m + Bsm( lsat) fl 
2n=2M + 8m( lsat) + 8sm(2sat), BAM PR. REL HMA W. purpurascens HARE W. 
tsiangiana var. tsiangiana WKS HA 2n=4m + 6sm + Sst( Isat) #1 2n=4m+ Bsm(2sat) + 6st, HEX 
FE. TL ROE W. hekouensis HJ KAA 2n=4m+ 10sm(Isat) + 4st, LLFOLSZ. RE RIE 
PAURE PRE ESOT EY Ye RR, EERE BOS ZA MAER ERR K, KIB 
DOM IRE AU ETE ROPE W. tsiangiana PBN AR Fh, ALES RAS, 
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